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I. INTRODUCTION
OW-A-DAYS new classes of surfactants, the dimeric surfactants (also known as Gemini surfactant) have attracted increasing attention due to their superior surface activity comparing that of the corresponding conventional (monomeric) surfactants [1] - [3] . Gemini surfactants have better solubilizing ability, wetting, foaming, stronger biological activity and lime-soap dispersing properties which are compared to conventional surfactants [4[,[5] . They are amphiphilic molecules with hydrophobic tails and two polar head groups covalently to be linked by a spacer group [6] , [7] . The various micellar properties of these compounds, such as Halide Akbaş is with Department of Chemistry, Faculty of Scence, Trakya University (e-mail: hakbas34@yahoo.com).
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degree of ionization, aggregate morphology, phase behavior, rheological properties and area per molecule adsorbed at the air/water interface have been studied by a range of experimental techniques [8] , [9] .
On the other hand, nonionic surfactants which consist of an alkyl chain as hydrophopic moiety and polyoxyethylene ether (POE) chain as hydrophilic moiety are widely used as an agent to solubilize and emulsify processes in the textile, detergent and cosmetic industries. The solubility of non-ionic surfactants in aqueous solution is due to the high hydration of oxyethylene chains [10] , [11] . Brij series are widely used in many practical applications. [12] , [13] .
An industrial surfactants system is typically mixtures of different chemical species such as ionic and nonionic surfactants, electrolytes, dyes and filters [14] , [15] . In theory, desirable surface properties for specific applications can be obtained by adjusting the compositions of these systems. The addition of a nonionic surfactant to an ionic surfactant micelle can reduce the electrostatic repulsions between the charged surfactant head groups, greatly faciliting micelle formation. The nonideal behavior of mixtures of an ionic and a nonionic surfactant can also be influenced by the structural characteristics of the two surfactants, such as the relative size of head groups and the lengths of their tails. Various theoretical models are available to interpret the formulation of mixed micelles. Rubingh [16] proposed a treatment based on regular solution theory (RST) for nonideal mixed systems which have been extensively used. In the phase separation approach, micelles and monomers in bulk are assumed to be in equilibrium. Both the surfactant composition and spacer length are found to influence the properties of mixed micelle markedly by Wang and co-worker [17] .
Perusal of the literature on mixed micellization shows that although there is some work on cationic gemini-conventional mixed systems [18] 
II. MATERIAL AND METHODS

A. Materials
Cationic surfactants: The cationic gemini surfactants, (16-6-16 ) have been synthesized, purified and characterized in our laboratory. Surfactant purity was checked by nuclear magnetic resonance (NMR) and surface tension, all with excellent results.
1 H NMR spectra were recorded in CDCl 3 solution with a Varian Mercury Plus 300 MHz spectrometer. 13 
B. Methods
Conductance measurements: The conductivity of the solutions was measured as a function of concentration by using a conductometer WTW Terminal 740 with cell constant 0.433 cm -1 . The conductometer was initially calibrated with standart KCl solutions in appropriate concentration range. The experiments were performed at constant temperature by circulating water through a jacketed cell holding the solution under study. The experimental error in the temperature was minimized to ±0.2 K. Preparation of mixed surfactant solutions:
Using CMC values which were found for pure surfactant solution, a certain total concentration was selected. At this selected concentration, micellization was present for all surfactant solutions and so, stock solutions were prepared at this concentration. The mixed solutions were prepared by mixing two pure solutions and were kept for at least 30 minutes for equilibrium in a thermostat bath at certain temperature before measuring conductivity. All solutions were prepared with double distilled water in an all-glass distillation apparatus. Specific conductivity of this water was in the range of (1-2)×10 -6 Scm -1 . Regular solution theory of surfactant mixtures:
Rubingh [16] proposed a treatment based on regular solution theory (RST) for non-ideal mixed systems which have been extensively used. According to Rubingh, if the surfactants are mixed, the mixed CMC (C*) is given by Equation [1] :
Where 1 α is the molar fraction of surfactant 1in the mixed solution, C 1 and C 2 are the CMC values of pure surfactants 1 and 2 respectively. Mixed CMC (C*) values were calculated using the above equation for ideal behavior and plotted against the mole fraction of surfactants. The composition of the mixed micelles, (X 1 ), at the CMC and the interaction parameter, β , were calculated by iterative resolution of the following equation [2] and [3] .
It is noted that these calculations are only valid at mixed CMC(C*).
II. RESULT AND DISCUSSION
Gemini surfactant-nonionic surfactant interactions: For gemini cationic surfactant-nonionic surfactant mixtures, the conductance values were measured for aqueous solutions containing Fig. 1(a) and Fig. 1(b) . The CMC values of surfactant solutions were determined at sharp break points in specific conductivity against concentration curves at 303.15 K and are given This indicates that the studied dimeric species have a much better micelle-forming ability than single tail-single head ones, probably because the two hydrophobic chains of gemini surfactants break the water structure earlier and thus increase the tendency to form micelles. From Table 1 Mixed micelle formation may be ideal or nonideal. Fig. 2 (a) and Fig. 2 (b) were plotted using these critical points against to mole fraction of Brij 35. Furthermore, mixed critical point values calculated using the Equation [2] for ideal behavior are also plotted against the mole fraction of Brij 35 and are shown as dotted line in same figure. Using an iterative solution of Equations [2] and [3] for each composition, the interaction parameter ( β ) and the composition of the mixed micelles (X 1 ) were calculated. These values were given in Table 1 .
The β values demostrate the extent of interaction between the two surfactant which leads to the deviation from ideality.
Negative β values indicate that the attractive interaction (synergism) between the two different surfactants is stronger than the attractive interaction between each type of surfactant.
A positive value β indicates that the repulsive interaction (antagonism) between the two different surfactants is stronger than the self-repulsion between two individual surfactants of the same type.
It can be seen from Table 1 antagonist interactions were observed for (14-2-14)-Triton X-100 system [19] . On the other hand, antogonistic interaction decreased with the increase in hydrophobicity of the cationic component. As seen as 
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